INTRODUCTION
Dengue fever (DF) and dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS) have become a global public health problem in recent years (WHO, 2000) . In Japan there are 42 confirmed cases of DF 1988 (Yamada et al., 1999) , most of them infected when visiting Southeast Asian countries. Aedes aegypti, which is found in most parts of the tropics and subtropics, has been considered to be main vector of DF/DHF. Another important vector, Aedes albopictus is able to thrive in both cold and hot climates. The latter species is commonly found in Japan and has been implicated as a vector of DF epidemics in Japan during World War II (Sabin, 1952; Hotta, 1998) .
There are some studies on mosquito susceptibility to oral infection with dengue viruses using Asian strains of Ae. aegypti and Ae. albopictus (Gubler and Rosen, 1976; Gubler et al., 1979; Rosen et al., 1985; Tardieux et al., 1992) . However Ae. albopictus from Tokyo, Japan is the only one strain that has been tested for its vector competence to dengue virus (Boromisa et al., 1987) . In this report, the similarity in vector competence of this species from Japan with that from North America support the possibility that this mosquito was introduced in North America with the shipment of used tires from Northren Asia (Hawley et al., 1987) . The development of transportation systems in the world has stimulated the global spread of dengue via travelers and trade.
The immmunofluorescence technique was used for detection of virus in most of previous investigation on vector competence. Recently, several studies described the sensitivity and rapid generation of results of polymerase chain reaction (PCR) or reverse trancriptase-PCR (RT-PCR) assay for detecting and typing dengue viral RNA extracted from mosquitoes (Tardieux and Poupel, 1990; Tardieux et al., 1992; Chungue et al., 1993; Chow, et al., 1998) . The PCR method that can detect the dengue virus in infected mosquitoes from extremely small amounts of sample was applied in this study.
The dengue-1 viruses (DEN-1) used in this study are Mochizuki and A88 strains. Mochizuki strain was isolated from the blood of a DF patient during an epidemic of dengue fever in Nagasaki, Japan in 1943 (Kimura and Hotta, 1994) and was found to have lost its pathogencity for human (Hotta, 1952) . The A88 strain was isolated from the blood of a DHF patient in an outbreak of DHF in Jakarta, Indonesia in 1988 (Fujita et al., 1997 Fig. 2 shows that all Ae. albopictus strains were infected orally with A88 strain except Awajishima strain. However, not all of them developed disseminated infection. Surabaya strain, among Ae. aegypti species, had higher mesenteronal infection with A88 strain than other strains, but the infected mosquitoes did not develop disseminated infection. Timor strain had the same proportion of mesenteronal and disseminated infection, while Surabaya strain did not show disseminated infection although it showed relatively high proportion of mesenteronal infection.
From the above results Ae. albopictus strains tended to be more susceptible to oral infection with either DEN-1 Mochuizuki or A88 strain than Ae. aegypti strains.
Mesenteronal escape barrier of mosquito strains:
Based on the data of disseminated infection ( Figs. 1  and 2 ), the mesenteronal escape barrier was estimated as shown in Fig. 3 . The existence of mesenteronal escape barrier means that virus multiplies only in mesenteron and does not invade tissues regardless of the length of extrinsic incubation (Kramer et al., 1981) . Ae. albopictus from Japan especially Kojima strain showed the highest mesenteronal escape barrier to infection with Mochizuki strain (Figs.  1 and 3) . Ae. aegypit Surabaya strain showed high mesenteronal escape barrier to infection with A88 strain (Figs. 2  and 3 ). Ae. albopictus Toyama strain showed the same Proportions of mesenteronal (midgut) and disseminated (head-thorax) infections of Ae. albopictus and Ae. aegypti strains orally infected with DEN-1 Mochizuki strain after 14 days incubation at 
DISCUSSION
A RT-PCR method was applied with some modifications of the method of Sambrook et al. (1989) for rapid and sensitive detection of viral RNA in infected mosquitoes, while the viral titer was detected with the method of plaque assay. Since this method can detect rapidly a few doses of infected materials, it is expected to be a useful tool for early warning monitoring system for dengue outbreaks in the future. The sensitivity and specificity of PCR method for viral detection allowed a comparison of susceptibility of mosquitoes to dengue viruses in the present study. For this purpose, low viral doses (about 1/1,000 of the viral concentrations reported so far) were used to infect the mosquitoes orally. In the preliminary study, various infectious meals and conditions were tested for oral infection. The blood meal prepared with the mixture of infected cells and their culture media was more effective to infect the mosquitoes than the meal prepared with the infected cell culture supernatant. This result led us to add cells in infective meal.
The susceptibility is also dependent to the serotype of dengue virus. The oral threshold of infection for DEN-1 has been reported to be higher than that for other dengue serotypes (Gubler and Rosen, 1976; Gubler et al., 1979) . The high concentration of virus in the blood meal is neccessary to overcome this threshold, but it varies for different virus strains in the same mosquito species and for the same virus in different species or different geographic strains of the same species as reviewed by Hardy et al. (1983) .
Colonization of mosquito strains in the laboratory may have some influences over susceptibility. This possibility was shown by the proportions of orally infected mosquitoes that were higher in Timor strain (F8) than Surabaya (F107) or Pakistan strains (F81) of Ae. aegypti. The influence of colonization was not investigated in the present study but concerning this, Lorenz et al. (1984) correlate the differences of susceptibility with genetic variation at the malate dehydrogenase locus.
There was a tendency for a high susceptibility at high viral concentrations, i.e., it seemed to possess a dosedependent mesenteronal (midgut) barrier as discussed by Gubler and Rosen (1976) , Gubler et al. (1979) and Kramer et al. (1981) . The dissemination barriers and infections virus titer in mosquito determine vector competence for dengue virus (Bosio et al., 1998) . In this experiment not all infected mosquitoes developed disseminated infection, which indicates the existence of a midgut escape barrier. According to Kramer et al. (1981) , there are two dissemination barriers (meseteronal escape barrier and salivary gland infection barrier) in Culex tarsalis infected with Western equine encephalomyelitis virus. For dengue infection the midgut basal lamina thickness in mosquito strains influences the viral dissemination (Thomas et al., 1993) . On the other hand, Rosen et al. (1985) reported that dengue virus usually replicate to about the same extent in orally infected mosquitoes as well as in the parenterally infected specimens of the same species. Boromisa et al. (1987) reported that the susceptibility of Ae. albopictus from Japan (Tokyo strain) to dengue 1 virus was not significantly different to that from Malaysia (Southeast Asia), but its transmission rate was lower than Malaysia strains. Similarly, from the present results it was concluded that Japanese strains of Ae. albopictus are susceptible to DEN-1 in almost the same extent as Ae. albopictus and Ae. aegypti from Southeast Asian countries.
